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Purpose: Associated injuries (AIs) are hypothesized to be frequent in geriatric zygomatico-orbital (ZMO)

fractures. The study aimwas to determine the relation between ZMO fractures and AIs in geriatric patients

compared with younger adult patients.

Patients and Methods: A retrospective case-and-control study was carried out on geriatric patients at

least 65 years of age (n = 93) and younger adult patients 20 to 30 years of age (n = 68) diagnosed with pure

unilateral ZMO fractures. The main exposure was age, the primary outcome was AI outside the face, and

the secondary outcomeswere type and severity of AI, ocular injuries, restriction of mandibular movement,
and ZMO buttress asymmetry. The confounding variables were gender, trauma mechanism, type of ZMO

fracture, and dislocation. Statistical analyses included c2 tests, risk evaluationwith 2� 2 tables, and logistic

regression analysis.

Results: AIs outside the face, and particularly brain injuries, were significantly more frequent in the geri-

atric group than in the control group (P < .001). The significant predictors of AIs outside the face were fall

from a height (66.7%), motor vehicle accidents (66.7%), and absence of ZMO dislocation (59.5%; P < .001).

The adjusted risk of brain injury was 2.5-fold in the absence of dislocation. The geriatric group had a more

than 5-fold higher risk of brain injuries compared with the younger control group (P = .003).

Conclusions: AIs in general, and particularly brain injuries, are frequent in geriatric ZMO fractures. Intra-

cranial injuries should be ruled out, particularly in geriatric patients diagnosed with a non-dislocated ZMO

fracture.
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2 ASSOCIATED INJURIES IN GERIATRIC ZMO FRACTURE
Zygomatico-orbital (ZMO) fractures are frequent. In a

2012 multicenter study, ZMO fractures were identified

as the second most common type of facial injury

(24.0%) in European populations.1 In publications

focusing on ZMO fractures needing surgical interven-

tion, such fractures are most frequently reported in

younger adult patients (20 to 50 years old; 58.6 to

76.1%), and their injuries are commonly caused by
assault (19.0 to 46.6%).2-5 However, according to

studies focusing on geriatric facial trauma, ZMO

fractures also are among the most common facial

fractures in the elderly (31.1 to 40.3%).6,7

In addition to their high frequency, associated in-

juries (AIs) are frequent in patients diagnosed with

facial fractures. The rate of intracranial injuries, in

particular, increases with increasing age,8 and their fre-
quency varies from 18.8 to 51.4%.9,10 Of the different

types of brain injury, an association between ZMO

fractures and subdural hematomas (SDHs) has been

identified in the literature,11 and brain injury fre-

quencies of up to 61.0 to 67.0% have been reported

in patients diagnosed with ZMO fractures.12,13 The

literature has clearly focused on the need for surgical

intervention in ZMO fractures, and the authors are
not aware of comparative publications focusing on

the relation between AIs and ZMO fractures in

geriatric patients with facial trauma.

The purpose of the present study was to investigate

AIs ingeriatric patientswithZMOfractures. The specific

aims were to clarify the occurrence of, risk factors for,

and types of AI in geriatric patients with ZMO fractures

and to compare the occurrence of and types of AI be-
tween geriatric patients and younger adult patients

(controls). The hypotheses were that AIs are frequent

and severe in geriatric patients and that they occur

more frequently in geriatric patients than in younger

adult patients.
Patients and Methods

STUDY DESIGN

To address the aims, a case-and-control studywas de-

signed and performed. The study included geriatric pa-

tients at least 65 years old and younger adult patients

20 to 30 years old (controls) who had been diagnosed

with a unilateral ZMO fracture during the 7-year period
from January 1, 2010 throughDecember 31, 2016. The

cutoff age for the geriatric group was set at 65 years to

cover all potentially frail elderly patients. Patients with

any other facial fracture, except an adjuvant fracture of

the coronoid process, were excluded.
STUDY VARIABLES

The main exposure was age (ie, geriatric vs younger

adult patients).
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The primary outcome variable was AI outside the

face (present vs absent). This was defined as any other

major injury outside the facial region, excluding brain

concussions, wounds, and other superficial soft tissue

injuries. The precise AI siteswere recorded and further

classified according to the affected organ system: 1)

brain, 2) neck (excluding cervical spine), 3) spine,

4) extremities, 5) chest, and 6) abdomen.
The secondary outcome variableswere the severity of

AI outside the face, ocular injuries (present vs absent),

restricted mandibular opening (present vs absent), and

zygomatic prominence asymmetry (present vs absent).

The severity of AI outside the face was classified as mul-

tiple AIs (ie, patients who had $2 different AIs outside

the face), polytrauma (involvement of$2 organ systems

and$1 life-threatening injury), andmortality duringhos-
pitalization.

The predictor variables were gender, trauma mech-

anism, type of ZMO fracture, and ZMO fracture dislo-

cation (present vs absent). The type of ZMO fracture

was classified as 1) tripod ZMO fracture (consisting

of the lateral orbit, inferior orbit, anterior and poste-

rior maxillary wall, and zygomatic arch), 2) isolated

arch fracture (consisting of only the zygomatic arch),
and 3) ZMO fracture without arch involvement. The

trauma mechanism was classified into 8 groups: 1)

ground-level fall, 2) bicycle accident, 3)motor vehicle

accident (MVA), 4) fall from height, 5) assault, 6)

struck by a blunt object, 7) unknown, and 8) sports-

related injuries.
COMPUTED TOMOGRAPHIC ANALYSIS

All patients underwent computed tomography (CT)
using multidetector CT scanners (GE Healthcare, Mil-

waukee, WI) with a bone algorithm. The data were

reformatted into 1.0-, 1.5-, or 2.0-mm-thick axial, coro-

nal, and sagittal images. The CT images were retro-

spectively viewed independently by 2 of the authors

(M.T. and S.A.). The features assessed included the

type of ZMO fracture and presence or absence of dislo-

cation. In the event of disagreement, a final diagnosis
was reached by consensus reading.
DATA ANALYSIS

The c2 tests were performed to examine the statisti-

cal relevance of the differences between the primary

predictor (age group) and all other predictors and out-

comes and between the main outcome and the predic-

tors. Risk ratios with 95% confidential intervals (CIs)

were calculated to examine the risk of outcome vari-
ables and the primary predictor. Logistic regression

analysis was performed to study associations between

the presence of brain injury and the primary predictor

(age group), gender, and the absence of fracture
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TOIVARI ET AL 3
dislocation and results were expressed as odds ratios

and 95% CIs, separately and then adjusted for

each other.

ETHICAL CONSIDERATIONS

The internal review board of the Division of Muscu-

loskeletal Surgery of the Helsinki University Hospital

(Helsinki, Finland) approved the study. Patient con-

sent was not required because of the retrospective

nature of the study.

Results

In total, 161 patients were identified for the present

study (geriatric group, n = 93; control group, n = 68).

Table 1 presents the association between gender,

trauma mechanism, type of ZMO fracture, presence

of dislocation, and age group. Men were more

frequent in the control group than in the geriatric

group (P < .001). Assault was more frequent in the
Table 1. ASSOCIATION BETWEEN GENDER, TRAUMA
MECHANISM, TYPE OF ZYGOMATICO-ORBITAL FRAC-
TURE, PRESENCE OF DISLOCATION, AND AGE GROUP

Geriatric

Patients

(n = 93)

Younger

Controls

(n = 68)

n % n %

Gender

Men 49 52.7 61 89.7

Women 44 47.3 7 10.3

P < .001

Trauma mechanism

Ground-level fall 65 69.9 8 11.8

Bicycle accident 12 12.9 7 10.3

MVA 6 6.4 3 4.4

Fall from height 5 5.4 4 5.9

Assault 3 3.2 33 48.5

Struck by blunt object 1 1.1 3 4.4

Unknown 1 1.1 0 0.0

Sport 0 0.0 10 14.7

P < .001

Type of ZMO fracture

ZMO with arch fracture 65 69.9 46 67.6

Isolated arch fracture 15 16.1 13 19.1

ZMO without arch fracture 13 14.0 9 13.2

P = .884

ZMO dislocation

Present 64 68.8 61 89.7

Absent 29 31.2 7 10.3

P = .002

Abbreviations: MVA, motor vehicle accident; ZMO, zygoma-
tico-orbital.

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral

Maxillofac Surg 2018.
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control group (P < .001), whereas a ground-level fall

was more frequent in the geriatric group (P < .001).

Fracture dislocation was significantly more often ab-

sent in the geriatric group than in the control

group (P = .004).

Table 2 presents the association between gender,

trauma mechanism, type of ZMO fracture, ZMO dislo-

cation, and AI outside the face. Significant predictors
for AIs were MVA, fall from a height, and absence of

fracture dislocation (P < .001).

Table 3 presents the association between outcome

variables and predictor variables. AIs outside the face

in general (P < .001) and brain injuries in particular

(P < .001) were significantly more frequent in the geri-

atric group than in the control group. The absence of

restricted mouth opening and the absence of zygo-
matic prominence asymmetry were significantly

more frequent in the geriatric group (P < .001).

Table 4 presents the 2 � 2 risk analysis between the

absence of fracture dislocation, presence and severity
Table 2. ASSOCIATION BETWEEN GENDER, TRAUMA
MECHANISM, TYPE OF ZYGOMATICO-ORBITAL FRAC-
TURE, AND PRESENCE OF ASSOCIATED INJURY

AI Present AI Absent

n % n %

Population 50 31.1 111 68.9

Gender

Men 29 26.4 81 73.6

Women 21 41.2 30 58.8

P = .059

Trauma mechanism

Ground-level fall 28 38.4 45 61.6

Bicycle accident 7 36.8 12 63.6

MVA 6 66.7 3 33.3

Fall from height 6 66.7 3 33.3

Assault 1 2.8 35 97.9

Struck by blunt object 1 25.0 3 75.7

Unknown 1 100.0 0 0.0

Sport 0 0.0 10 100.0

P < .001

Type of ZMO fracture

ZMO with arch fracture 31 27.9 80 72.1

Isolated arch fracture 11 39.3 17 60.7

ZMO without arch fracture 8 36.4 14 63.6

P = .431

ZMO dislocation

Present 28 22.6 97 87.4

Absent 22 59.5 14 12.6

P < .001

Abbreviations: AI, associated injury; MVA, motor vehicle
accident; ZMO, zygomatico-orbital.

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral

Maxillofac Surg 2018.
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Table 3. ASSOCIATION BETWEEN OUTCOME VARIABLES AND AGE GROUP

Geriatric Patients

(n = 93)

Younger Controls

(n = 68)

n % n % P Value

AIs present <.001

Yes 40 43.0 10 14.7

Types of AI

Brain 24 25.8 3 4.4 <.001

Extremities 19 20.4 9 13.2 .234

Chest 5 5.4 5 7.4 .608

Spine 4 4.3 1 1.5 .307

Abdomen 2 2.2 0 0.0 .224

Carotid artery dissection 0 0.0 1 1.5 .241

Severity of AI .285

Multiple AIs 8 8.6 2 2.9

Polytrauma 3 3.2 2 2.9

Mortality 2 2.2 0 0.0

Ocular injuries .306

Yes 4 4.3 1 1.5

RBH 1 0

Oculus perforation 1 0

Vitreous hemorrhage 1 0

Vitreous detachment 1 0

Corneal erosion 0 1

Restricted maximal mandible

opening

<.001

No restriction 79 84.9 43 63.2

Restricted 9 9.7 23 33.8

Indifferent 5 5.4 2 2.9

Zygomatic buttress asymmetry <.001

No 52 55.9 8 11.8

Yes 31 33.3 44 64.7

Indifferent 10 10.8 16 23.5

Abbreviations: AI, associated injury; RBH, retrobulbar hematoma.

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral Maxillofac Surg 2018.
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of AIs outside the face, ocular injuries, and primary
predictors. The geriatric group had a significantly

higher risk of AI outside the face (P < .001), brain

injury (P = .003), and absence of dislocation

(P = .003). The calculated risks for AI outside the
Table 4. 2�2RISKANALYSIS BETWEENABSENCEOFDISLOC
AND SEVERITY OF ASSOCIATED INJURY, OCULAR INJURIES,

Age Group

Dislocation Absent AIs Present Brain

RR (95% CI) RR (95% CI) RR (9

Geriatric 3.4 (1.4-8.0) 2.9 (1.6-5.4) 5.8 (

Younger control ref ref ref

P value .003 <.001 .003

Abbreviations: AI, associated injury; CI, confidence interval; ref, r

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral Maxi
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face, brain injury, and absence of dislocation were
2.9, 5.8, and 3.4, respectively.

The logistic regression analysis with 95% CIs for the

presence of brain injury is presented in Table 5. In

bivariate analyses, the geriatric group had a 7.5-fold
ATION INZYGOMATICO-ORBITAL FRACTURE, PRESENCE
AND AGE GROUP

Injury Multiple AIs Polytrauma Ocular Injury

5% CI) RR (95% CI) RR (95% CI) RR (95% CI)

1.8-8.6) 2.9 (0.6-13.3) 1.1 (0.2-6.4) 2.9 (0.3-25.6)

ref ref ref

.166 .918 .332

eference; RR, risk ratio.

llofac Surg 2018.
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TOIVARI ET AL 5
higher risk of brain injuries compared with the

younger control group (P < .001). When adjusted for

gender and the presence of fracture dislocation, the

risk of brain injury was 5.3-fold higher and the differ-

ence remained significant (P = .012). The absence of

fracture dislocation caused a 2.5-fold higher risk of

brain injuries when adjusted and compared with the

presence of fracture dislocation (P = .046).
Table 6 presents the anatomic AI sites outside the

face in the geriatric and control groups in more detail.

The commonest AI in the geriatric groupwas an upper

limb fracture (14 of 93 patients), whereas the most

frequent AI in the control group was a lower limb frac-

ture (5 of 68). Brain injuries diagnosed in the geriatric

group consisted of SDH (13 of 93), subarachnoidal he-

matoma (10 of 93), brain contusion (7 of 93), intrapar-
enchymal hematoma (3 of 93), and epidural hematoma

(2 of 93).
Discussion

The purpose of the present study was to investigate

AIs in geriatric patients with ZMO fractures. The spe-
cific aimswere to clarify the occurrence of, risk factors

for, and types of AI in geriatric patients with ZMO frac-

tures and to compare the occurrence and types of AI

between geriatric patients and younger adult patients.

The hypotheses were that AIs are frequent and severe

in geriatric patients and that they occur more

frequently in geriatric patients than in younger

adult patients.
The hypotheses were confirmed. AIs outside the

face in general (P < .001), and brain injuries in partic-

ular (P < .001), were significantly more frequent in the

geriatric group than in the younger control group. The

geriatric group had a 2.9-fold higher risk of AI outside
Table 5. LOGISTIC REGRESSION ANALYSIS WITH 95% CONF

Unadjusted

OR 95% CI P

Age group

Geriatric group 7.5 2.2-26.2

Younger control ref

Gender

Female 2.8 1.2-6.6

Male — —

Dislocation

Absent 3.5 1.5-8.4

Present ref —

Abbreviations: CI, confidence interval; OR, odds ratio; ref, referen
* Adjusted for age, gender, and dislocation.

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral Maxi
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the face in general and a 5.8-fold higher risk of brain

injury compared with the control group. The absence

of fracture dislocation was associated with a 2.5-fold

higher risk of brain injury.

Brain injuries are common in patients with facial

trauma; their occurrence varies from 9.9 to 34.0%

among all patients with facial trauma and from 18.8

to 53.9% among geriatric patients with facial
trauma.8-10,14 The present results underline the

significant relation and the risk of brain injuries

associated with ZMO fractures in geriatric patients

(25.8%) compared with younger adult patients (4.4%;

P < .001). The frequency of non-concussive brain

trauma in geriatric patients has been explained by

the increased usage of anticoagulation and antiplatelet

therapy15; however, another notable factor is that a
sudden head impact combined with age-related brain

atrophy predisposes the elderly to sudden brain move-

ment, resulting in a venous tear and particularly in a

high frequency of subarachnoidal hematomas in geri-

atric patients.16 According to the results of the present

study, SDHwas diagnosed as themost common type of

brain injury in the geriatric group (14.0%); the corre-

sponding rate for the control group was 0.0%.
The results of the present study showed that 59.5%

of AIs outside the face were diagnosed in the absence

of fracture dislocation. In logistic regression analysis,

the absence of ZMO fracture dislocation caused a sta-

tistically relevant 2.5-fold higher risk for the presence

of brain injury compared with the presence of disloca-

tion and adjusted for age, gender, and dislocation. This

is an important finding of the study, which has not
been reported previously.

In addition to the absence of radiologic fracture

dislocation, the present results analogously showed

that restricted mouth opening and zygomatic buttress
IDENCE INTERVALS FOR PRESENCE OF BRAIN INJURY

Adjusted*

Value OR 95% CI P Value

.002 5.3 1.4-19.7 .012

ref

.016 1.6 0.7-4.0 .300

— ref

<.001 2.5 1.0-6.3 .046

— ref

ce.

llofac Surg 2018.
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Table 6. SITE OF ASSOCIATED INJURIES IN GERIATRIC
AND YOUNGER ADULT PATIENTS

Anatomic Site of AI

Geriatric

Patients

(n = 93)

Younger

Controls

(n = 68)

n % n %

Upper limb fracture 14 15.1 1 1.5

Subdural hematoma 13 14.0 0 0.0

Subarachnoidal hematoma 10 10.8 0 0.0

Brain contusion 7 7.5 2 2.9

Rib fracture 5 5.4 2 2.9

Cervical spine injury 3 3.2 1 1.5

Intraparenchymal

hematoma

3 3.2 0 0.0

Lower limb fracture 2 2.2 5 7.4

Epidural hematoma 2 2.2 2 2.9

Clavicle fracture 2 2.2 3 4.4

Pelvic fracture 2 2.2 1 1.5

Kidney rupture 2 2.2 0 0.0

Pneumothorax 1 1.1 1 1.5

Scapula fracture 1 1.1 1 1.5

Thoracic spine injury 1 1.1 0 0.0

Upper limb ligament

injury (MCP)

1 1.1 0 0.0

Pulmonary contusion 0 0.0 2 2.9

Lower limb ligament

injury (ATFL)

0 0.0 1 1.5

Carotid artery dissection

(grade II)

0 0.0 1 1.5

Abbreviations: AI, associated injury; ATFL, anterior talofibu-
lar ligament; MCP, metacarpophalangeal.

Toivari et al. Associated Injuries in Geriatric ZMO Fracture. J Oral

Maxillofac Surg 2018.
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asymmetry were absent from the clinical status signif-

icantly more frequently in the geriatric group than in

the control group (P < .001). Despite the analogy be-
tween clinical and radiologic status, the large discrep-

ancy in the registration of clinical asymmetry raises

concern over potential underdiagnosis, which has far

too commonly been observed, for instance, in trauma

triage settings.17-19 To avoid underdiagnosis, clinicians

also need to be mindful of geriatric facial trauma.

A drawback of this study is its retrospective nature,

because a prospective follow-up would have provided
the possibility of recognizing milder brain trauma

without radiologic findings. The strength of this study

is its ability to establish a relation between isolated

ZMO fractures and brain injuries in geriatric patients.
FLA 5.5.0 DTD � YJOMS58506_proof � 7
Geriatric patients with ZMO fractures have an

increased odds ratio of AIs in general and brain injuries

in particular. Clinicians should actively exclude brain

injuries in geriatric patients, even in those cases in

which no dislocation of the zygoma is clinically pre-

sent. The re-evaluation of triage parameters in geriatric

facial trauma is recommended.
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